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EIC Physics arXv:12.12 1701

Distribution of quarks and gluons and their spins in

space and momentum inside the nucleon

Nucleon helicity structure
Parton transverse motion in the nucleon
Spacial distribution of partons and parton orbital angular

momentum

QCD in nuclei
Nuclear modification of parton distributions A
Gluon saturation > '
Propagation/Hadronization in nuclear matter

Weakd ! 2, | | lard lal

Require highest energy and lum. -> not for stage-1




General Detector Concept

See K. Boyle talk

Inclusive DIS and scattered electron measurements

With focus in e-going direction and barrel

High resolution EMCal and tracking; minimal material budget

Semi-inclusive DIS and hadron ID
With focus in h-going direction and barrel
Barrel: DIRC for p, <4 GeV/c

h-going direction: aerogel for lower p, and gas RICH for higher p,,

Exclusive DIS (DVCS etc.)

EMCal and tracking coverage in -4<n<4

High granularity EMCal in e-going direction
Roman Pots in h-going direction

Diffractive
Rapidity gap measurements: HCal in -1<n<5; EMCal in -4<n<4

ZDC in h-going direction



ePHENIX Detector Concept

See K. Boyle talk
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ePHENIX performance evaluation

Generators:

PYTHIA, MILOU (for DVCS), RAPGAP (diffractive), RADGEN (rad. effects)
Thanks to BNL EIC group for maintaining them at racf

GEANTA4 description of ePHENIX

Simulation and analysis software
common with sPHENIX and PHENIX

Experience from previous DIS experiments:

SLAC, CERN, DESY, Jlab
Also studies and developments from BNL EIC group 5




DIS kinematics

Measure scattered electron energy and angle:

0’ = 4EE’sin2(g)

E’

0
=1-—cos’| =
=)

* Endcap Calorimeter:

— PbWO, crystal
— 6./E ~ 1.5%E
— 6, <3mm/NE

Barrel Calorimeter:

— sPHENIX EMCal
— Tungsten based
— 6/E ~ 12%/NE
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Inclusive DIS and Kinematics

elD and background rejection

Hadron rejection: 3 e e
EMCal energy response and E/p : 5 aptocevxasecev | b [Comeseen
[ i PYTHIADIS 8 [
x20-30at 1 GeV/c ot u """"" Photons

x100 at 3 GeV/c o
EMCal shower profile SN P A TR £ P AU O S O
0 5 10 0 5 10 0 5 10
Expect x3-10 p (GeVic) p (GeVic) p (GeVic)
Not yet included in plots \ z
EMCal long. segmentation and/or §
preshower : : ; _
. . o5 E" I e+p 10 GeV x 250 GeV i _g ---- From mom. spectral:
For future considerations PYTHIA DIS i |— after Emcal PID 1
. . B i -3<n<-2 -2<n<-1 5'5. -1<n<0 :
Photon rejection (y —> e'¢) T R D
p (GeV/c) p (GeVic) p (GeV/c)

Minimal material
Rejection with tracking and E/p Reliable eID down to

GEANT study is ongoing p=2 GeV/c for 10 GeV e-beam
p=1 GeV/c for 5 GeV e-beam 7



Inclusive DIS and Kinematics
What if poor eID at <2 GeV/c

{\1 03 E -
% - ePHENIX e+p 10 GeV x 250 Gela_
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102E
Don’t lose much of i
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10k
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Inclusive DIS and Kinematics

Resolutions for (x,Q?)

For perfect angle measurements:

o o O._10,
Qo E x yFE

Defines the precision of unfolding technique
to correct for smearing due to detector effects

Results 1n statistics migration from bin to bin
—> bin survival probability

From HERMES experience: ~80% needed

Enough precision for scattered angle from\l

EMCal position resolution —> no effect on bin
survivability

Jacget-Blondel method (reconstruction with
hadronic final state) will help at lower y and
higher Q?

Plan to exercise with full unfolding to
quantify the detector and radiation effects

10F

; - 2
: Z-axis: cQ,IQ

" ePHENIX e+p 10 Ge
0’ PYTHIA DIS 0.01

Z-axis: o /x

~~

Q? (GeV?

F ePHENIX e+p 10 GeV x 250 G
- PYTHIA DIS 0.01<y<0.95

Stat. survival prob. in

1025-

10k

10" 1 ¢

107
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0. (mrad)

Semi-inclusive DIS and hadron ID

Focus on h-going
direction and barrel
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AeroGel
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Gas RICH (CF4):

1<n<4

PID at <60 GeV/c

10



Q% [GeV?

Semi-inclusive DIS and hadron ID

(x,Q?) coverage with K

10° 100 10t
ePHENIX e+p 10 GeV x 250 GeV % ePHENIX e+p 10 GeV x 250 GeV
dNKacﬂ = | (‘2‘ dNKaon
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dxdQ e} dxdQ

3 3
10 0.3<2<0.35, W?>10 GeV? 10 0.7<2<0.75, W?>10 GeV’

Low z

10}

1
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Coverage from fixed target polarized SIDIS
(HERMES, COMPASS, JLab)

N§

AGEL+DIRC

‘AGEL+DIRC+RICH

| 0.3<z<0.35

N

(x,Q?) loss if not have :

given deteCtor M;GEL+DIRC+RICH

All three detectors are important

K K
0.95<y<0.01 Nocmcy 10 GeV X250 GeV [ ——

W?>10 GeV? y Y3 / W

"AGEL+DIRC+RICH /) "AGEL+DIRC+RICH
0.3<2<0.35 0.3<z<0.35

F 0.7<2<0.75

No AGEL




Hadron Momentum [GeV]

Hadron ID with gas RICH

FePHENIX e+p 10 GeV x 250 GeV
EPYTHIA DIS Q%1 GeV?, 0.01<y<0.803

10°
Hadron z > 0.2
: 10°
e-goin barrel
going H 108
10°

Pseudorapidity n

» PID up to ~60 GeV/c
» Currently limited by ring

resolution (2.5% per photon - the
current feedback from EIC R&D:
see T.Hemmick presentation)

Much smaller smearing due to
magnetic field and off-center-
vertex tracks: see J.Huang
presentation

Gas RICH (CF4): 1<n<4

Highest momentum measuremen
require:

¢ Good momentum resolution

(combination of tracking and HCal)

* Good ring resolution

Need to balance efficiency and purity

to get best measurement
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Hadron measurements with HCal and Tracking

=
(3

At very forward rapidity (n~4) HCal energy PYTHIA simulation
resolution for single tracks may considerably :
exceed tracking momentum resolution

Tracking
—— HCal (single track)

Tracking+HCal

...... Tracking+HCal, 0.2<z<0.4
------------ Tracking+HCal, 0.7<z

Can HCal be used to measure energy (momentum)
of high momentum tracks ?

Resolution
o
I

o
w

The main concern is that the energy depositions of
tracks in vicinity of a given track are merged in a
single cluster in HCal (non-separable in HCal) . o
_ Tracking: 6 /p~1%
The idea: : HCal: 0,/E100%E
Usual event structure is that there is one high T T B v ST — Y
momentum leading particle with a few lower p (GeV/c)
momentum particles;
Low momentum particles are supposed to be

=
N

=
—

well reconstructed with tracking, so their Full GEANT4 simulation is ongoing
contribution in HCal can be evaluated and The main impact is expected from
subtracted to calculate the energy deposition tracking eff. and ghost (high

of the leading high momentum particle. momentum) tracks

13



DVCS:

Wide coverage for photon measurements
EMCal and tracking in [n|<4

Separation of e-y in EMCal
0.02x0.02 EMCal granularity is enough
Intact proton detection is highly desirable

Roman Pots

e-y angle Proton scattering angle
o 1 ]
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Exclusive Measurements

| ePHENIX e+p 10 GeV x 250 GeV
30/~ MILOU DVCS photons Q2> 1 GeV?

e-going barrel

. h-goin

10°
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0 2
Photon Pseudorapidity n

ePHENIX coverage
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MILOU DVCS generator

E. Perez, L Schoeffel, L. Favart
.. [ ]
arXiv:hep-ph/0411389 DV( S : re CO

5 GeV (e) x 250 GeV (p)
dN/deta BH/(BH+DVCS) vs y

1_

Bethe Heitler
DVCS

0.5

10}

Central and forward regions are DVCS dominates at low y
cleaner for DVCS

Wide kinematical coverage is crucial and 1s supported by ePHENIX design

15



Diffractive Measurements

 Measure most forward
going particle, to determine

rapidity gap

HCal with -1<n<5 and
EMCal with -4<n<4 are

excellent in separation of
DIS and diffractive

e 7ZDC to measure nucleus
breakup

. n<5 n<4
S 10°F F
Z " [ e+p 10 GeV x 250 GeV — 4
— Diffractive
RAPGAP generator
10°F ¢ |—oIs -

10° 3 3 3
10 3 3 !-
1 1 1 1
-5 0 5 -5 0 5 5
Mmax Mrax Nmax
>
= Ll e O | S il AN
e ‘e
>
o
2 =
= — Efficiency
L>,‘ - =+ Purity
g :
§ 0.5
=
Ll
1
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Physics Expectations




Proton structure: long. spin

ePHENIX (EIC) coverage

3
10 ¢
C A
C Polarized DIS data: A
O CERN A DESY ¢JLab OSLAC A
A
BNL-RHIC polarized pp data: A
2
NA10 — @ PHENIX a STAR jet A
> c
() C
G -
N [
‘o
10
1
-4
10

X

PHYTHIA generator and ePHENIX
acceptance/efficiencies

10 fb! for 10250 beams

Inclusive and semi-inclusive DIS

Unique capability to reach much lower x and
span a wider range in Q? (particularly important
for gluon distributions)

=> Precise evaluation of the long. spin
component of the gluons and flavor separated
(sea)quarks to the nucleon spin

XAg(x)

0.25
F

0.2

0.15

-0.05

-0.1

TTTTIIIII

Uncertainties for Ay*=9

llllllll

E DSSV 08
- ePHENIX 10x250

Q% =10 GeV?

1 Lol 1 I N |

10
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Motion of confined gluons and quarks

10°F

10°F

Q2 (GeV?)

10

' m JLab Hall-A =*: P, <0.45GeV, 0.4<2<06

| Planned:

TTT T T T T T T T T

Current data for Sivers asymmetry: From EIC
White paper

F e COMPASS h* P, <1.6GeV, z>0.1
[ O HERMES n%K%P,<1GeV,02<2<07

B0 JLab 12

For the first time, determination of
Sivers distributions over wide range
in x will be possible

We’re working on evaluation of
expected Sivers constraint with
cPHENIX data

Semi-inclusive DIS

Transverse Momentum Distributions (Sivers)
Greatly expand x&Q? coverage

High luminosity => fully differential analysis
over x, Q?, z and P, ;

&000’{\0(\ 4
—T From EIC
Gue® 20 1
40 \)a‘\;o /iﬁ;? White paper

150/0%2? g! ;
100~ 20 /5

,1’1

10

N ./ / ./ ./ / 'J;O_z
2 2 2 2 2 _3

o 02 04 06 o8 1107,

Quark transverse momentum (GeV)

0_1
X



Proton Tomography

T T T T VI T T T T T T VI T T T T T TTT e
Current DVCS data at colliders: E 1 DIS
10 s :OuglgLTS- total xsec @ a; }—(|:10 tzI)ta‘Ia:ec From EIC XC uS lve
[ ® ZEUS- do/dt = H1- do/dt

L Current DVCS data at fixed targets:

[ o HERMES-A; 4 HERMES-AcU ®
L o4 HERMES- Ay, Ay, ALl
A HERMES-Ayr * Hall A- CFFs
% CLAS-ALy % CLAS-AyL

Generalized Parton Distributions

K /Whlte pa})er_

3

Connected to parton orbital angular momentum

—~ 102__
A E .
> F Planned DVCS at fixed targ.: .. . .
G [ e e an Existing data are either at low Q? or have sizable stat.
G uncertainties
10 |

Provide data in wide x&Q?

Precise imaging requires higher e-beam energy and
luminosity

10" 10° 102 10" 1 VP Y EP

.. s Sovn g |

From EIC
White paper

dopycs/dt (pb/GeV?)

ePHENIX with its EMCal and tracking -

coverage is expected to do similar job |:> P e e

(e.g with DVCS) o6
ePHENIX capabilities for these 0s
measurements — similar to generic EIC
detector

04

03

xg F(xg, br) (fm?)

02

[ 0.1 <xg<0.16
10 < Q2/GeV2<17.8

0.1
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Gluon Saturation

Color Glass Condensate (CGC)

s ePHENIX 10x100 e+A, 0.01 <y <0.95
107 = Saturation Q : (Au)
n 2
R P Geometric ScalingQ © =Q'A  (Au)
- max s QCD
B eA/u
B v ADIS
107 DY
o B
> L
)
O}
o 10F _
Saturatjgh? .

1/3
0% (x) (é)

X

..
Perturbative

Nonperturbative

Il Illlllll 1 llllllll | JlJIllll 1 I 111111

10" 10° 10° 10" 1
X

ePHENIX with its HCal and EMCal
coverage is expected to do similar job

with diffractive measurements

Diffractive processes are most
sensitive to gluon densities ~(xG)?

—)

High gluon density matter

Direct consequence of gluon
self-interaction in QCD

Saturation effects are greatly
enhanced in eA collisions:

Ratio of diffractive-to-total cross-

section for eAu over that in ep

Collider energy -> low x
Heavy lons -> high A

- x=3.3x103
| eAu stage-I From EIC

N
)]
T

N
T

saturation model

g
(&)}
T

-
LI —

non-saturation model (LTS)

o
)
—_

stat. errors & syst. uncertainties enlarged (x 10)
[ ]

[ Q%2=5GeV? fLdt =10 fb /A ]

White paper | f

| | \\\\\\‘ |
01 10 21

My (GeV?)



Hadronization peic 4

Semi-inclusive eA

ePHENIX 5x100 S Probe color neutralization and hadronization

Different time&distance probed by varying
nuclear size and parton energy

Previous experiments are limited by low v, Q?

eRHIC:
Much larger range of v, Q?

Wide range of nuclear size
Excellent ePHENIX hadron PID up to 60 GeV

)

1 1 Lol 1 L1111 | 111l
3
10

1 10 10?

o
2 2 =4.4-04<z<0.7
Q [GeV] g - HHDF:WIW!JWF:?HH[:]D[_HTHI_\[_H_HTD@
%1_2} 0o Qéoooooooooooooé
. . g B
ePHENIX with its excellent hadron PID, O g
. . . . . > -
at eRHIC with its high luminosity and o« .8h 2 2
B HERMES DIS: <Q®>=2.5 GeV
wide kinematic reach, is expected to ﬁ - —e—
. e 0.6 —=— plp
provide much smaller uncertainties in ; + GPHENIX expectations: 2<Q°<4 GeV*
i 2 . 0.4 —e— K/K*
wider range of v, Q% and nucleus size s ———
0.2
0‘ | Ll . s

10 102 10 22
v [GeV]

=Y



Summary

ePHENIX will address a broad range of
exciting EIC physics program, that will
dramatically advance our understanding of how
QCD binds nucleon and forms nuclear matter
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BaBar Magnet

Higher current density at magnet
ends and field shaping in forward
angles provide high analyzing power
for momentum determination in e-
going and h-going directions

Flux return and field shaping:
Forward HCal
Steel lapmshade
Barrel HCal
Steel endcup

Major Parameters:
v

Superconducting Solenoid

v’ Field: 1.5T
v" Inner radius: 140 cm
v" Outer radius: 173 cm
v’ Length: 385 cm
400 | n=,+l/ L 100
///
R (cm) o R (cm)
300 | // - 300
200 — n:- = 200
' z<4.5m
100 — DIRC ! 7 /_—100
L p/A > Sl SEXSEIEELS ——
p/ =300 -200 G-éol‘)VI 0 100 200 |:] 2
z (cm) SOt S Smn S zlem) T anc
z=12m
Main space limitation observed: |z[<4.5m
(due to focusing magnet location) -

Outgoing
hadron

Roman Pots
z>10m



Momentum Resolution ) \EEE
0 \\\
6p/p ~ a x p - (I R R R R
\l Momentum Resolution in term of §(1/p)
T T T I T I
: e-going barrel h-going :
10° 5 : 5

Momentum Resolution, 8(1/p) (1/GeV)

Integral of transverse field
T

| ——e-GEM (2 & 3)

10°H —TPC

——TPC + e-GEM (1 & 3)

[| ===h-GEMs with r6¢=100um

| ===h-GEMs with r&¢=50pum

-3 -2

1

Good resolution over full tracking acceptance (-3<n<4)

e-going, 6,/p ~(0.4-1.0%)xp: primarily needed for electron ID (E/p)

barrel, 6 /p ~ 0.4%>p: hadron momentum, electron momentum at p<10 GeV/c

h-going, 6 /p ~ (0.1-1.0%)xp: crucial for PID
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Momentum resolution: GEANT4

1<n<3

3<n<4

Tracking resolution term d(1/p) ~ dp/p/p (1/GeV)

d(1/p) (1/GeV)

10°
12 14 16 18 2 22 24 26 2.8
n
Tracking resolution term d(1/p) ~ dp/p/p (1/GeV)
[
]
<
Z 10
o
£ .
o I e
5 I
10°
31 32 33 34 35 36 37 38 39 4
n

Tracker resolution term,

assuming fixed resolution on sagitta:

Multiple scattering term
a
o
kel
107
]
I
ERC
ey
et
o
-
102 e
s
ey
e
—
12 14 16 18 2 2.2 24 26 2.8
n
Multiple scattering term
a T
o
——
o ——
e
107 .
e
et
R
-
s
-
10
31 32 33 34 35 36 37 38 39 4
n

Multiple scattering term

Without RICH

1< n <2.5: d(Sagitta,) = 120um for 100 pm tracker resolution
2.5< n <4: d(Sagitta,) = 60um for 50 um tracker resolution
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LEGS TPC Chevron-type readout pattern
with a pad size 2mm x 5mm

Achieved pos. res. 200 um

=

(] -

(A
MNANARA

Fig. 1. A schamatic illnstration of the LEGS TPC.

ePHENIX TPC:
R=15-80cm, |z|<95cm

Gas mixture with fast drift time: 80% Ar, 10% CF4, 10% CO2
For 650 V/m -> 10cm/us -> Drift time 10 ps
2x10mm pads —> 180k pads (both ends readout)

Pos. resolution 300 um (twice longer drift distance than LEGS)
and 40 readout rows => ¢ /p ~ 0.4%xp 28



Improved pos. res.
with mini-drift GEM

Tracking with GEIVI

R (cm)

e-going direction

Station 1-2: z=30, 55cm r=2-15cm
Station 3:z=98 cm

-3<n<-2: 50pum with 1mm pad

-2<n<-1: 100pm with 2mm pad

Ar=1cm for St1-2 and Ar=10cm for St3

Collision vertex is necessary in e-going direction:
BBC: n=4-5, z=3m, 0,=30ps (with MRPC or MCP) ->

0,=5mm -> const term in 0,/p~2%

~400
R (cm)
— 300
n:-l\"\\ z = HCaI == ;‘\ : ‘( f’:.\' HCal i
! ;_1;2%\!:7 . = = 4 z<4.5m
. Lorgd. N\ _,-:\\_EMCaL& Preshowerj_/ /i,oa
—Ds — X - P Outgoing
e ‘ ' had
= EM% = = = . adron
P -~ - o) )
. 200 100 \W 100 |:| DD
z (cm) GEMS GEMS GEM G GEM z (Cm) ZDC Roman Pots

Station2  Station3  Station 4
z=12 m z>>10m

h-going direction

Station 1: z=17 and 60cm with r=2-15cm
Station 2-4: z=150, 200, 300 cm, 1<n<4
2.5<n<4: 50um with Imm pad

1<n<2.5: 100pum with 2mm pad
Ar=1-10cm

Total channel count: 217k
Large area GEMs are being

developed in CERN for CMS

(needed for our St 2-4)
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EMCal coverage -4<n<4
HCal coverage -1<n<5

Readout: SiPM

e-going direction

Crystall EMCal:

2cmX2cm

5k towers

6/E ~ 1.5%/\E
G, ~ 3mm/\E

Calorimetry

R (cm)

r]='+1’ L a00
7 R (cm)
,//"
= - 300
- e e+ ¢+ &t & :\ i,\\:\’:./’ )
z == HCal | |
(_ljt = = / 3 / /_2545m
. &aﬂmL&Preshower_‘;;( B

= l/,. ,RK:H \‘\ A e o Outgoing

S TPe o | ,Jt/;\; , hadron
\\ s 3 r]: 4

BBC| ' beam

L | \4J B0 =7 - 22_ ..... 22_._..;

100 400
GEMSs GEMs GEM GEM GEM 2 (cm)

ZDC Roman Pots

rrrrrr Station2  Station3  Station4
z=12m z>>10m

Barrel (sSPHENIX) h-going direction

Tungsten-fiber EMCal: Pb-fiber EMCal:
2cmX2cm 3cmx3cm
25k towers 26k towers
6/E ~ 12%/~NE 6g/E ~ 12%/NE
Steel-Sc HCal: Steel-Sc HCal:
10cm*x10cm 10cm*10cm
3k towers 3k towers

6¢/E ~ 100%/\E 65/E ~ 100%/\E
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DIRC

-] <r|<1

Mirror focusing ?

Threshold for n/K/p:
0.2/0.7/1.5 GeV

850 —

Ppap (GeV/c)

Hadron PID

Gas RICH (CF4)

I<n<4

Mirror focusing

Threshold for n/K/p:
4/15/29 GeV

6 azimuthal segments

Aerogel

I<n<2

Proximity focused

Threshold for n/K/p:
0.6/2/4 GeV

Photodetection: GEM with Csl
Area 6x0.3m?—> 220k ch

In gas volume!

¢ (mrad)

200/
150

100+

50+

AeroGel

Y

CF4

e

1 2 5 10 20 o,
Prap (GeV/c)
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Cerenkov Angle in CF4

n=1.0006

1.00062

0L0B6|—+------roeeeeeoeee o =

0.034

0.032

0.03—---

Cerenkov 0 [radians] with n

0.028—--;

0.026/—-1-

0 10 20 30 40 50 60 70 80
True Momentum [GeV]
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Hadron PID: gas RICH

Goals and assumptions/restrictions
Im gas volume along the track => F=1m => R=2m
7Z>1.5m (optimal sagitta plane)
7<3.0m (EMCal)
Photon detector inside tracking volume —> GEM as thin —> flat

Low number of edges between mirrors

Small area for photon readout € | |
= Focal plane and
o photon detector ' n=1
150 4 ] <
Moving mirror center to beam line: Mirror Center:
Z.
» Focal plane not flat Z=100cm RICH Gas \o
: 100 R=40cm 2 Vol =
* Steeper impact angle on the olume
photon detector \
* Photon detector closer to beam 50 % ;
line
* RICH volume moves to z<1.5m
0

4 L]
b 30 100 150
IP center GEM Entrance

Station2 Window




Hadron PID: gas RICH

1

CF4 (n=1.00062)

Purity

I![I\Il\IT‘!TI[TITI

°° ePHENIX + PYTHIA e+p 10x250 GeV, 1 =4.0 ?
° ° 04| = 1 at 90% Effic. _:
Ring resolution ;
0.2 ===-0=== K at 65% Effic. (asym cuts) —
——e— p at 90% Effic. E
. . . o5+ e S T S0 T T0<62.5
Rlng radlus resolutlon: 2.5%/\/N'Y o 10<713 20 gecor?(s)trucled M:g'lenlum [Gel\)I] <True N?gmemunb 0
From CU.I’I'ent EIC R&D StudleS ,5': j=40andp | =30 GeV: :: \|:4.Dan!p'mm=SDGeV: ’°°°j n=4.  ocon|= 70 GeV
LHCb and COMPASS claimed 1% per i -
photon hi | 1o
Residual magnetlc field (~0.5 T) bends Mkl 1SR A LR R e R
tracks radiating photons => ring smearing 5
2.5fF 1 7>
Since field is near parallel to tracks the - FICH ing rtor 6t = A0/ VAN, 10GeV[/p 175
. .. £ 2 68
effect is minimal Q < g
g 1°g
Off-center vertex tracks have shifted focal 2 l%
plane => ring smearing £l b
T &
. . . 1,0
For n=1 and z=40cm => ring dispersion 5 05l e
5%/N,

ES
»
'S

For larger n effect is smaller
Ring resolution limits PID at higher p**



Hadron PID: Aerogel

Allows to identify K for 3<p<10 GeV

Focusing
Challenges: " n2 %/
Fringe field e 3§\>
Low light output n1<n2<n3

Visible wavelength range

Limited space for light focusing
Photon detection:

Microchannel Plate Detector
Multi-alkali photocathode
Also ToF with 6=20-30ps

Being developed by
LAPPD Collaboration
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Hadron PID: DIRC

Cherenkov angle 6c

quartz radiator / /

g’

photon detectors

charged particle

BaBar DIRC ePHENIX DIRC

Quartz radiator bars, Cerenkov
light internally reflected

No focusing => Large water filled Mirror Focusing to avoid large

expansion volume expansion region

PMT for readout Pixelated multi-anode PMT for
readout

Ring resolution limits PID at higher p
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Beamline Detectors

Combined function Quad 2
magnet Quad 3

105m 0-845m 1.684m
(\M\)

1.06m 1.0 m q\,\a(l\\’\v\p‘)\eS
NN -

Hadron-going &Electron beam
Direction ~  fI\N | \N/| Y [\ /L] 5=10 mrad
/Fm%rﬁd """ o 1 neutrons ) |
IP 2 3 ' 4 6 | I /] 14 ~20m
S R —_
S 5 mrad / ‘D Hadron
0=4 mrad beam
< 4.50 m N Roman
< Pots
J ePHENIX detector use 11.0364m R
ZDC Roman Pots
12 m downstream >20 m downstream
5 mrad cone opening of the IP is Similar to STAR design

available from ePHENIX and IP design
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Ee vs Q2&x

10°

DIS kinematics: angle from EMCal

10?

With perfect angle measurements With angle smearing due to EMC;
pos. resolution ...

Z-axis: o, /x

Z-axis: o /x

10"

10*

1 1
10 10 102 10" 1 10" 10 102 10" 1

10?2 10" 1
X

A~

N

% ePHENIX e+p 10 GeV x 250 G

g PYTHIA DIS 0.01<y<0.95 PYTHIA DIS 0.01<y<0.95
‘b Stat. survival prob. in Stat. survival prob. in

1

10 10° 107 10" 1

10" 107 10 10" 1 X
X

Only minor effect from angle measurements with EMCal 38



]

Tom H: Momentum and angle resolution

5 GeV (e) x 100 GeV (p)
Inclusive measurements:

=
=3

=3 =3 = = =
= = = = 1= =3

[
1=

O_IIIIIlllIIIIIIIIIIIIIIIlIIIIIIIIIII

= :

_:’”8% Orea = Fz(xa 0 )_);_FL (X, Qz)

J '
006

(%, Q%) = (p,6)e

=
L op/p

—10.04

0.0220/
I ’ Resolution — Systematics — Unfolding

il

M
N
.
.
=
st
=
>
=
1S3

Assume: o,~1/5 of systematics

syst

0.1x0.1 binning in log,,(x) xl0g,(Q?)

p/A-beam < Electron’ Direction 6 (degrees) — e-beam

n
=

°_III|III|III|III IIIIIIIlIIIlIIIIIII

"100 Require: 1% uncertainty in each bin

= 06 (degrees) 110 “Reasonable” resolutions may be enough:
op/p ~ 2-8%
i 00 ~ 1 degree

10?

e b b b b e b b |
2 4 6 8 10 12 14 16 18 2

Electron’ Momentum (GeV/c) N



,79 Electron vs
E
e ,

Jacquet-Blondel

o >< h
Electron JB
5 H 2 2 2
Q2 = 4EE'sin’| — 33 __Pr. 2 =( xh) ( h)
2 o -y, v Zp’ i Zpy,
E' 0 E-p.
y=1_50082(5) Y =( 2F )h (E P )h=2(Eh_p h)
O’ 2
X=S— xJB — QJB
Y SY B

y—=0: o,/y ~1ly y—0: o,/y ~ const



EIC group studies:
https://wiki.bnl.gov/eic/index.php/Q2-x bin_migration

10°¢ 1 A103:

JB and DA methods give
better resolution at lower y

and higher Q?

Q* (GeV?)

Electron

10— 10

Our studies:

» Enough to measure R i
hadrons in n|<4

» Hadron PID is
important

Particularly for lower Q?

» For y<0.2 — enough to
measure in -1<n<4

The acceptance we’ll
equip with hadron ID




JB: 5x100 Q2>10

log10(yreco) vs log10(y) log10(yreco) vs log10(y) log10(yreco) vs log10(y)

0 0 0
ID-ed h=, y: [n|<4 [ h=, y: n|<4 | Electron method > Enough FO measure
, [ hadrons in [n|<4
-0.5F -0.5F . c
: . » Hadron PID is
I b important
' Particularly for lower Q2
1.5f 15 » For y<0.2 — enough to
[ " measure in -1<n<4
2 a5 a4 05 0 EEEEEEEE T EEEEL 11 YR The acceptance we’ll equip
with hadron ID
log10(yrecoly), y~0.05 log10(yrecoly), y~0.2 log10(yrecoly), y~0.5
eoo:- 19008 1000' All
[ H [ i ID-ed h=, vy
600F 100k ] ID-ed h=, y: |n|<4
1 | 1 h= v: n|<4
400: ] 500k
ol %1 I . Electron method
:- [ j.—L__,__‘ [, . J . . Green ~ Red
0 olL L ol =T 1| RO

-1 0.5 0 0.5 1 -1 0.5 0 0.5 1 Blue ~ Yellow 42




(x,Q2) loss due to no PID in e-going direction

etp 10 GeV x 250 GeV
PYTHIA DIS 0.01<y<0.95 W2>10 GeV?

0.30<z<0.35 0.70<z<0.75
S0 1 ol
O e r
o[ oI
1035— 1035—
1025— 1025_
105— 105—

10% 10"

L L il 1 L1 11 1
10* 10° 107 10" 1 10* 10
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If better DIRC?

etp 10 GeV x 250 GeV
PYTHIA DIS 0.01<y<0.95 W?>>10 GeV?

“Normal” DIRC: pi/K separation up to 3.5 GeV/c
Improved DIRC: pi/K separation up to 6 GeV/c

(S

5 0.30<2<0.35 e 0.70<2<0.75
103 103
B
10°E 10°F

10 10E

1 - L L 1 L1111 1
10* 10° 107 10" 1 10*



ToF for PID?

ToF (ps) VS p (GeV/c)

With 10 ps resolution including t:
e/m separation at <l GeV/c
K/n separation at <4 GeV/c

Need t, (6<10ps) and vertex (c~1mm)
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Cost and schedule

Table 4.1: Estimated equipment costs for the e PHENIX detector (in $M).

Cost Overhead Contingency Total

Calorimeters Endcap Crystal 3.40 0.47 193 580
Forward EMCAL 141 0.2 084 253

Forward HCAL 3.90 0.68 229 6.87

Tracking TPC 075 0.19 047 141
GEM Trackers 071 0.18 044 133

Beamline instrumentation Roman pots 0.23 0.04 014 o041
Beam-Beam counter  0.20 0.05 013 038

Particle ID DIRC 12.50 175 7.13 2138
RICH 2.00 0.50 125 375

Aerogel 1.55 0.22 088 265

Electronics /sensors Endcap Crystal 0.89 0.22 056 167
Forward EMCAL 3.09 0.43 176 5.28

Forward HCAL 0.38 0.05 022 0.65

PC 280 0.81 181 542

GEM Trackers 071 0.18 044 133

DIRC 077 0.19 048 144

RICH 0.69 0.17 043 129

Aerogel 1.55 0.39 097 291

Roman Pots 0.11 0.03 007 021

Beam-Beam 0.10 0.02 0.06 019

Data Collection 0.60 0.15 038 113

Trigger 0.60 0.15 038 113

Integration/Mechanical 3.00 0.93 196 590
Total 4194 8.08 25.01 75.02

Table 4.2: Total estimated labor for e PHENIX detector construction.

FY21 FY22 FY23 FY24 Total
Physicist FTE 10 9 10 13 42
Physicist cost 302 278 345 460 1385
Engineer FTE 10 10 7 5 3
Engineer cost 259 266 202 149 876
Technician FTE 1 1 1 19 3
Techniciancost 021 021 229 416 687
Total FTE 20 19 28 37 104
Total cost 581 565 777 1025 29.49

Table 4.3: Schedule of Critical Decisions and reviews necessary for construction FY2021-

FY2024
CDo

CD1 review

TDR preparation

CD2/3 review

Construction start

Ch4

Commissioning run

4Q2016
4Q2017

4Q2017 - 3Q2019

4Q2019
FY2021 budget briefing 1Q2020

4Q2020 (FY2021)
3Q2024 (FY2024)

1Q2025
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